The inability of private well-owners to conduct well-water tests is a major obstacle to addressing contamination of water for human consumption in Ibadan city. Shallow well characteristics and their water quality were assessed with the aim of identifying observable characteristics that serve as markers of well water status. Field observation and interviews were employed to assess the features of 100 shallow wells. In addition, physicochemical and bacteriological parameters of water samples from selected wells were analysed. Out of 100 wells, the aggregate score of 60% ranged from high to medium risk. The mean concentrations of manganese, iron, total dissolved solids, pH and bacterial population were outside the WHO permissible limit in more than 50% of the sampled wells. Wells with poor locational characteristics had high turbidity and bacterial population (P < 0.05). A regression model showed that improved structural and maintenance scores of wells will reduce bacterial load in the well water; hence their scores can indicate water quality status.
INTRODUCTION
A global overview of population access to improved water supply showed that many sub-Saharan African countries lagged behind other countries of the world. According to a WHO/UNICEF report (), almost all countries that had less than 50% coverage of improved water access in 2010 were found in this region of Africa. For instance, while the access in Nigeria was put at 58%, the figures for Ethiopia, Mozambique, Niger, Mauritania, Chad and Angola were much lower. The prevailing poor sanitation level and the gradual decline of government expenditure on public services in Nigeria due to budget constraints are partly responsible for the low population access to potable water supply (Areola & Akintola ; Ince et al. ) .
Groundwater is exploited by human populations as an alternative source of water supply for domestic use in Nigeria, due to inadequate water supply from public water sources (Ifabiyi ) . Although shallow wells are widely From available studies on the relationship between well structure and water quality, inadequate well construction was identified as a significant determinant of bacterial contamination (Conboy & Goss ) . According to Ifabiyi (), the depth of shallow well influenced chloride levels while well construction status affected nitrate concentrations in well-water (Hallberg ) . Since wells constructed and maintained according to best practice will ensure quality water and protect public health to a large extent (Pedley & Howard ) , this study investigated the relationship between the status of shallow wells and the potability of water they supply. The aim was to identify visible markers of water quality which well-owners in typical lowincome communities can use for rapid well-water evaluation and management. This current effort has become necessary since private wells are given little or no attention by the monitoring agencies, coupled with the perceived cumbersomeness of well-water testing by their owners.
Although several factors affect groundwater quality, the construction, location and maintenance characteristics of shallow wells were considered in this study. Furthermore, this study assumed that the data collected from field assessment of 100 wells that were sampled across the predominant residential categories in Ibadan, and a sub-sample of these wells for water quality analysis will represent the scenario in most parts of the city. Additionally, since a rapid survey method was engaged in this study, a long term monitoring of wells and their water quality may provide more accurate data on the subject considered. 
METHODS
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Collection and analysis of well water samples
From the preliminary well survey results, purposive sampling was employed to select nine wells. One well was selected from each of the residential areas such that wells with low, medium and high risk scores were enlisted for water sampling. Water samples drawn from the wells were analysed for electrical conductivity (EC), pH, total solids (TS), turbidity, colour, temperature, total hardness (TH), 
Statistical analysis of data
Well characteristics data that were collected with the aid of the checklist were summarised using frequency and percentages. The t-test statistic was employed to examine the difference in well characteristics among the residential areas. The mean values of analysed water quality parameters were computed and their variations among the wells were tested using analysis of variance (ANOVA). The correlation statistic was employed to examine the association between water parameters (Y ) and each of well location, construction and maintenance assessment risk scores (X ).
Moreover, step-wise regression analysis was used to compute the determination coefficient of water parameters as predicted by well risk scores. In the regression analysis, mean level of each water parameter was the dependent vari- These observed changes of well-water qualities after a rainstorm can be attributed to ingress of run-off into wells due to defective structure of many of the wells (Richards et al.
; Glanville et al. ).
The aggregate risk scores of the nine sub-sampled wells indicate that two of them were in the high risk group (Agbowo and Sango); three were in the medium risk category (Bodija, Moniya and Ojoo) and the remaining four were rated as low risk wells (Table 2) . With respect to construction risk, the wells sampled for water analysis in wells. Coliform bacteria were also high in water sampled from Ojoo (273 cfu/100 ml), Beere (310 cfu/100 ml), Agbowo (477 cfu/100 ml) and Akingbile (503 cfu/100 ml) wells. Levels of EC (433-900 μS/cm), Mn (3.8-7.0 mg/l) and Fe (6.3-14.2 mg/l) were higher than the permissible limits in all sampled well-water (Table 3) . Except Zn and NO 3 À concentrations that were shown to be similar in all sampled water, other selected water quality parameters varied significantly (F value 4.7-843; P < 0.01) among the wells.
Many of the parameters that had levels above water quality limits in this study were reported in similar high From the regression analysis, well risk scores explained 22-76% of the variations in the levels of the eight water parameters that showed high values (Table 5) . Generally, maintenance risk score had the highest explanation for the observed levels of TS, pH, EC, turbidity, Ca, Mn, Fe and coliform bacteria load. It accounted for 22-76% of variations in 
CONCLUSIONS
The risk assessment survey of sampled wells showed that 30-39% of them were not hygienically sited, 40-64% had structural defects and 51-95% were poorly managed;
hence they were at risk of pollution. There were significant correlations between well maintenance, location and construction risk scores and concentrations of Ca, Mn, Fe, pH, EC, TS, turbidity and coliform bacteria in the sampled well-water. Between 21 and 76% variation in the levels of pH, TS, Fe, Mn and Ca were explained and predicted by well maintenance risk score. The aggregate risk scores of the selected wells predicted 29-42% variation in the levels of EC, turbidity and bacterial load. It is concluded that well owners' knowledge about standards for well sinking, testing of their water quality and ensuring hygienic wellheads constitute an over-arching factor in the determination of well-water quality.
To improve the quality of water produced by the investigated wells, prohibition of unhygienic activities around the well-head, regular well-water testing, installation of complete casing, repairs of cracked casings and caps, and closure or treatment of wells sited near sewer pipes, drainage channels, outdoor toilets and other sources of organic pollution will be required. A modified checklist which excludes items that are subjective and incorporates items that are more peculiar to the selected study areas will prove more useful in predicting well water quality. It is recommended that the public health 
